Objective: Millions of women in the United States and across the globe abruptly discontinued postmenopausal hormone therapy (HT) after the initial Women's Health Initiative trial publication. Few data describing the effects of HT cessation on hip fracture incidence in the general population are available. We evaluated the impact of HT cessation on hip fracture incidence in a large cohort from the Southern California Kaiser Permanente health management organization.
S
ince the publication of the initial Women's Health Initiative (WHI) trial findings in June 2002, 1 millions of women have discontinued postmenopausal hormone therapy (HT), 2<4 and HT prescriptions have concordantly dropped. 5 In a survey of US obstetrician-gynecologists, although 53% of clinicians reported that they were unlikely to change their HT prescription pattern after WHI, 93% of their patients were willing to discontinue HT, and 92% were less likely to request HT. 6 It is clearly apparent that a large number of postmenopausal women abruptly stopped HT after the initial WHI publications. However, little epidemiologic research of the clinical outcomes associated with HT cessation has been evaluated in these women. Protection from bone loss and fracture is a conclusive HT benefit. 7 It is therefore conceivable that hip fracture risk, which is associated with a 25% case-fatality rate, has increased in the post-WHI era. 8, 9 However, this potential public health malady has not been examined in the general population. In a large cohort of 80,955 postmenopausal women who were using HT until June 2002, we calculated the hip fracture incidence after HT cessation compared with those who continued using HT.
METHODS

Study population
Kaiser Permanente Southern California (KaiserSCAL) is a Health Maintenance Organization that includes 11 Southern California medical centers. This longitudinal study included 80,955 postmenopausal women enrolled in KaiserSCAL who were 60 years or older and had filled HT prescriptions at least once between January 2002 and June 2002. The women were followed up through December 2008.
Exposures and outcomes
KaiserSCAL uses an electronic medical record (EMR) system that records medical data in a standardized format across all 11 medical centers. EMR data are passed to and stored in a central data warehouse (BClarity[) daily using the Health Connect software. Hip fracture outcomes, dual-energy x-ray absorptiometry (DXA) scan, and demographic data were collected from the Clarity database. All hip fractures were subsequently verified from a chart review by R.M.D., who was blinded to HT status. 10 Hip fractures secondary to tumors, periprosthetic fractures, and high-energy trauma were excluded from this analysis. Incident hip fractures were identified by the diagnosis date of fracture, which usually was followed by corrective surgery. We did not have data on fracture history; therefore, the fractures identified included some unknown number of recurrent fractures. Hip fractures diagnosed in KaiserSCAL but treated outside (G2%) Kaiser-SCAL were also included in this analysis.
KaiserSCAL uses an electronic Pharmacy Information Management System, which was used to collect HT and other antiosteoporotic medication (bisphosphonates) prescriptions from all 11 KaiserSCAL medical centers. Clarity and Pharmacy Information Management System databases were linked by a medical record number unique to each member. In each calendar year, a woman was considered to be an HT user if at least two HT prescriptions were filled in that year; if one or no HT prescriptions were filled, the woman was considered to be an HT nonuser for that calendar year. Each HT prescription provides 3 months of medication supply. Bisphosphonate use in each calendar year was identified using a similar definition.
Bone mineral density (BMD) of the hip and lumbar regions was measured as T scores in 54,209 women by DXA scans performed between 2002 and 2008; body mass index (BMI) was available for 43,024 of these women. According to the guidelines of the National Osteoporosis Foundation, the lower BMD of the two regions (hip and lumbar) was recorded. Baseline age was categorized into 5-year increments (G65, 65-69, 70-74, 75-79, Q80 y). Self-reported race was defined as non-Hispanic white, black, Hispanic, Asian, others, and unknown. BMI was categorized according to Centers for Disease Control and Prevention cut points (G18, 18-24, 25-29, Q30 kg/m 2 ). The study was approved by the institutional review board of KaiserSCAL.
Statistical analysis
Hip fracture outcome. Directly age-standardized hip fracture rates for each calendar year (2002) (2003) (2004) (2005) (2006) (2007) (2008) were calculated with age-specific hip fracture rates standardized to the age distribution of the 2000 California female population (US Census 2000). The trend in the hip fracture rates over calendar years was assessed using the Poisson regression in a generalized linear model with a log-link function (SAS GENMOD procedure). The rates of HT use for each calendar year were calculated as the number of women using HT divided by the total number of women in that year.
Cox proportional hazards regression was used to evaluate the impact of not using HT in a given year (time-dependent variable) on the risk of having a hip fracture in the subsequent year. Person-years of follow-up were accrued from July 2002 to date of hip fracture. For women who did not have a hip fracture, follow-up was censored at the earliest of death, date of termination of KaiserSCAL membership, or June 30, 2008. A total of 6,928 (9%) women died, and 12,486 (15%) women terminated their KaiserSCAL membership during the followup period. The cumulative duration of HT nonuse (in years; modeled as a time-dependent variable) from 2002 was also tested for an association with hip fracture in a separate Cox regression model. Baseline age, race, and BMI were fixed in univariate and multivariate Cox regression models. The proportional hazards assumption for the association of HT nonuse with hip fracture risk was evaluated and met (P 9 0.90 for the proportional hazard assumption test). Estimates of association were expressed as hazard rate ratios (HRs) with 95% CIs. Because BMI data were available in a subset (n = 43,024) of women, multivariate models with and without BMI were compared to examine the confounding effect of BMI in this subset. The HRs for HT nonuse did not substantially differ in the two models; hence, the final model was not adjusted for BMI and included all women. Adjustment for bisphosphonate use did not alter the association between HT nonuse and hip fracture and was, therefore, not included in the final model. To evaluate any modifying effect of age on the risk of hip fracture associated with not using HT, stratified modeling was performed by the 5-year incremental age group; a formal test of interaction was also evaluated by introducing a product term of age group and HT nonuse in the Cox proportional hazard model. Bone density outcome. BMD was correlated with HT nonuse using a linear regression model. For this analysis, a cumulative variable was created for each woman counting the number of years not using HT from baseline (2002) to the year of DXA scan. Continuous HT users were assigned a value of zero. In the linear regression model, the T score from each participant's DXA scan was the dependent variable, and the cumulative years of HT nonuse was the independent variable. The model was adjusted for race, age, BMI, bisphosphonate use at the time of DXA scan, and year of DXA scan.
All statistical analyses were performed using SAS, version 9.1 (SAS Institute, Cary, NC).
RESULTS
A total of 80,955 women contributed 532,686 person-years of observation between July 2002 and December 2008. The mean (SD) follow-up was 5.6 (1.1) years. The mean (SD) age of the women at baseline was 68.8 (6.8) years; 80% of the women were between 60 and 74 years old. Most of the women were white (54%), with a mean (SD) BMI of 26.9 (5.3) kg/m 2 . Compared with the women taking HT, those who discontinued at baseline were more likely to take bisphosphonates (8% vs 11%, P G 0.0001; Table 1 ). Fewer white and more nonwhite women discontinued HT at baseline (P G 0.0001). Bisphosphonate drug use increased from 8% to 23% during the study period.
HT use substantially decreased between July 2002 and December 2008 from 85% to 18%. The age-standardized annual hip fracture rate increased from 3.9 to 5.67 per 1,000 women during this same period ( Fig. 1 ; P for trend G 0.0001). In unadjusted Cox regression models, hip fracture risk was positively associated with age and inversely associated with BMI (both P values for trend G 0.0001; Table 2 ). Compared with non-Hispanic white women, black, Hispanic, and Asian women had significantly lower hip fracture risk. Compared with HT users, the women who did not use HT in the previous year were 58% more likely to have a hip fracture in the following year (HR, 1.58; 95% CI, 1.38-1.80).
After adjustment for age and race, the women not using HT in the previous year had a 55% increased risk of hip fracture (HR, 1.55; 95% CI, 1.36-1.77; Table 3 ). Adjustment for bisphosphonate use did not attenuate the hip fracture risk associated with not using HT in the prior year (adjusted HR, The multivariate model used to test the cumulative years of not using HT during the 6.5-year follow-up showed that hip fracture risk significantly increased with longer duration of HT cessation (P G 0.0001). Compared with the women who continued HT from 2002 through 2008, the women who discontinued HT showed increasing hip fracture risk over time: 52% after 2 years, 64% after 3 years, 68% after 4 years, and 77% after 5 years of cessation (Table 3) .
Stratified analysis by the 5-year incremental age group showed no modifying effect of age on hip fracture risk associated with not using HT (P value for interaction = 0.10).
The mean BMD T-scores in linear regression models were significantly inversely associated with cumulative years of HT nonuse. Adjusted for age, race, BMI, and bisphosphonate use, the mean (SEM) T scores for the women who continued HT from 2002 was j1. 24 Fig. 2 ). In this subgroup of women with BMD data, we tested the association of BMD with fracture risk subsequent to BMD measurement (data not shown). Lower BMD was also significantly associated with a risk of hip fracture; compared with the women with a T score greater than j1, the women with T scores between j1 and j2.5 were 2.5 times more likely (HR, 2.54; 95% confidence limit, 1.51-4.27) and the women with T scores less than j2.5 were 7.6 times more likely to have a hip fracture (HR, 7.59; 95% confidence limit, 4.53-12.7).
DISCUSSION
In this large cohort of postmenopausal women followed for 6.5 years, HT discontinuation was associated with an overall 55% increased hip fracture risk (P G 0.0001). More importantly, this risk increased in as little as 2 years of HT discontinuation. The lower BMD in women who discontinued HT (P for trend G 0.0001), as previously noted, 11, 12 is likely to be associated with the increased fracture risk. The public health message for women and physicians is that discontinuation of HT is associated with an increased hip fracture risk and lower BMD compared with women who continue to take HT.
Observational studies have consistently reported a significant 38% to 60% reduction in the risk of fractures including hip, wrist, and vertebral fractures among current or ever users of HT compared with never users.
13<16 A metaanalysis of 22 clinical trials reported an overall 27% reduction in nonvertebral fractures among current estrogen users. 17 WHI is the first large-scale, randomized, controlled trial to demonstrate that HT reduces incident bone fractures including hip fractures. The WHI estrogen-progestin trial documented significant reductions in hip, lower arm/wrist, vertebral, and total fracture incidence by 33%, 29%, 35%, and 24%, respectively, among women assigned to estrogen plus progestin compared with placebo during a 5.6-year trial period. 1, 18 Reports from the WHI estrogen trial documented similar protection (35%-39% reduction) for hip fracture and improvement in BMD among estrogen-treated compared with placebo-treated women during a 7-year trial period. 19, 20 Importantly, the WHI trials convincingly demonstrated that HT is beneficial in reducing bone fracture, because unlike all previous bone fracture trials, the WHI cohort was not selected for low BMD or previous fractures. Therefore, the WHI trial results have general application to all postmenopausal women seeking HT for the primary prevention of bone fracture.
Presentation of WHI trial results in June 2002 had an immediate impact on HT prescription patterns. In the United States, HT prescription rates declined by 46% between July 2002 and December 2002, 2 whereas another report showed a 44% decline between 2001 and 2003. 5 A similar magnitude of decline in HT prescriptions was also observed around the world after the diffusion of WHI trial results. 4, 21, 22 Guidelines for HT were subsequently modified with recommendations against HT for chronic disease prevention including osteoporosis in postmenopausal women. 23 A recent study using a claims database for multiple healthcare plans documented significantly higher age-adjusted incidence rate of osteoporosis- Our findings that link HT cessation with fracture risk are supported by a 2.4-year follow-up of WHI estrogen-progestin participants after termination of the trial whereby all fractures were analyzed according to randomized status during the trial. 25 Although the HR did not statistically differ between the randomized trial and posttrial follow-up, the HT protective effect on fractures documented during the trial (HR, 0.76 relative to placebo; 95% CI, 0.69-0.83) was not evident in the posttrial follow-up (HR, 0.91; 95% CI, 0.78-1.06). These data support the idea that the protective effect of HT on bone fracture does not continue upon HT cessation. However, the analytic approach used in this WHI report may have underestimated the bone fracture burden as a consequence of HT discontinuance because HT use after trial cessation was not modeled. In the current study, only women using HT until June 2002 and then who discontinued HT were compared with those who continued HT.
In this report, we showed that in the past users of HT, hip fracture risk increased with longer duration of HT nonuse compared with women who continued. Hip fracture risk was significantly elevated relative to current users within 2 years of HT cessation and remained elevated thereafter (Table 3) . This is consistent with a report from the Million Women Study, where bone protection from HT disappeared rapidly and an increased risk of fracture incidence was observed 3 years after HT cessation among past HT users. 13 Our data showed no alteration in hip fracture risk associated with HT discontinuation after controlling for bisphosphonate use. This means that the increased risk of hip fracture in women who stopped taking HT was not confounded by the effect of bisphosphonates on hip fracture.
Consistent with our fracture results, we also found a significant correlation of longer duration of HT nonuse with lower BMD and longer duration of HT nonuse (P for trend G 0.0001; Fig. 2 ). These results are consistent with clinical trials evaluating the effect of HT discontinuation on BMD and bone marker changes in younger 12 and older postmenopausal women. 11 However, because BMD was assessed one time only in this study, we were not able to examine the longitudinal changes in BMD by the presence and duration of HT cessation. Our findings confirm these data in a much larger group of women with a longer follow-up.
The major strength of our study is the large group of women (n = 80,955) well representative of the general population. In addition, linking electronic pharmacy records with EMR provides a powerful tool for concomitantly tracking medication prescriptions and clinical outcomes. Of note, each hip fracture diagnosis was verified by a single orthopedic surgeon who was blinded to HT exposure status (R.M.D.).
The major limitation of this study is lack of data before 2002 concerning HT use for bone fracture. It is possible that fracture risk after HT cessation was higher among women with previous fractures; however, it is not known whether previous fracture history influenced the continuation of HT use. If anything, women with prior fracture are less likely to stop HT. In this case, results of our study would be biased toward the null, and thus, the increased risk of hip fracture observed in our study with HT cessation is probably conservative. However, other studies including the relevant data are required to substantiate our conjectures regarding the pattern of HT use among women with prior fractures. Another limitation of our study is incomplete BMI information, which might have confounded the association between HT use and fracture risk. However, in the Cox regression models among the subset of 43,024 women with measured BMI, the HRs for HT nonuse did not differ in models with and without adjustment for BMI (HR, 1.81 vs 1.77). Hence, BMI was not a likely confounder in this analysis. We were unable to control for key factors known to be associated with bone fracture risk including smoking, low physical activity, and diet. Therefore, these results should be interpreted with caution.
Our data confirm the rapidity of bone loss and increased hip fracture incidence with HT cessation. Bone fracture is a large public health issue with major medical and economic consequences. The cost of medical care associated with osteoporotic fractures is estimated to be more than $18 billion annually in the United States alone. Hip fractures result in a greater cost, disability, and mortality than all other osteoporotic fractures combined. Within the first year of a hip fracture, there is an approximate 25% increase in mortality. 9, 26 According to a recent meta-analysis, the excess annual mortality among white women having hip fracture was 8%, 11%, 18%, and 22% at 1, 2, 5, and 10 years after injury. 27 In addition, 25% of women require long-term care after a hip fracture, and 50% will have long-term loss of mobility. A 50% increased risk of bone fracture associated with a 50% decreased use of HT in the United States has been estimated to result in 43,000 extra bone fractures per year. 8 A recent costeffectiveness analysis suggested a considerable gain in qualityadjusted life-years among HT user and cost-effectiveness of HT use. 28 
CONCLUSIONS
Our results indicate that the protective association of HT on hip fracture does not extend after cessation. Cessation of HT among postmenopausal women is associated with a significant greater risk of hip fracture within 2 years of cessation. The associations of HT cessation on mortality and other health outcomes in this cohort will be presented in future publications. Consistent with hip fracture risk, longer duration of cessation of HT was also associated with low BMD. As with all medications, women should discuss the risks and benefits as well as alternative therapies for the prevention of bone loss and bone fracture, especially hip fracture before terminating HT. With approximately 1 million women entering menopause each year in the United States alone, the health consequences of bone fracture may have potentially enormous survival and economic consequences if an effective prevention strategy is not in place.
